Three kinds of elongated crystals of weathered biotite were found in a terrace deposit at Matsusaka, Mie Prefecture. They are mainly composed of Al-vermiculite, kaolinite, and gibbsite. The texture and orientational relation ship of these alteration products were studied with conclusions that much material, especially A1203, should have been supplied from the environment, and that the degree of preferred orientation of each alteration mineral "with respect to the original biotite depends on the amounts of materials introduced to it.
Introduction
The alteration of biotite is of great importance to the study of the weathering process for the following two reasons. Firstly, biotite is readily altered to various minerals: chlorite, vermiculite, kaolinite, gibbsite, etc., and therefore its alteration may be useful as an indicator of the degree and condition of weathering. Walker (1948 ), Jackson (1952 , 1963 , Fieldes and Swindale (1954) , Kato (1963 , 1965 ), Wilson (1966 and others have made investigations along this line. Secondly, these alteration products, all being of layer structure, usually develop with a definite orientational relationship to the original biotite, and therefore this relationship may supply us with information on the mechanism of the alteration. Recent paper by Wilson (1966) is an important contribution also to this field.
Weathered biotite crystals elongated in the direction normal to the cleavage were found at Matsusaka, Mie Prefecture, and the outline of their occurrence and properties was given by one of the present writers (Isobe, 1966) . The writers carried out mineralogical inves tigations of this weathered biotite by means of X-ray powder and single-crystal diffraction, optical examination, differential thermal analysis, chemical analysis, apparent specific gravity measurement, etc. The results are given in this paper, together with discussion on the mechanism of its alteration.
Occurrence
The weathered biotite crystals were found abundantly in a gravel bed of the Pleistocene age in the southern part of the town of Matsusaka. The geology of this district was studied by Kimura and Takehara (1965) . They classified the river terraces into three groups: low-level, middle-level, and high-level, and showed that the gravel bed in question belongs to the high-level terrace gravel. The gravel is inferred to be supplied mainly from the hills to the south where granite and gneiss of the Ryoke metamorphic complex are exposed. A sketch of the outcrop where the specimens were collected is shown in Fig. 2 . The gravel is composed of cobbles of granite, gneiss; diorite, chert, etc. The gravel bed is divided into two parts by the intermittent intercalation of silt. The upper gravel consists of less weathered cobbles and a sandy matrix, in which black spots of amorphous manganese compounds are disseminated. Its upper part has changed colour into brownish red. The lower gravel consists of more weathered cobbles and a clayey matrix. The present earth surface shown in Fig. 2 is not the original terrace surface; brownish red sail of about 100 cm thick and brownish redd gravel of about 
General mineralogy

Macroscopic appearance
Specimen A is of grayish white colour, but its surface is stained dark gray. It is elongated in the direction normal to the cleavage attaining to the length of 10-20mm in this direction, and is usually curved resulting in a vermicular shape (Fig. 4) . Specimen B is of reddish brown colour and is not so long as specimen A (Fig. 5 ).
Specimen C has an appearance similar to specimen A. X-ray powder data X-ray diffractometer records for powder specimens are shown in 
Chemical composition
The chemical composition of specimen A is shown in Table 3 .
The mineral composition was calculated from the chemical composition through the following procedure. The whole K20 was used to con struct hydrobiotite, K0.5(H30)0.5(Mg1.5Fe1 .5)(A1Si3)010(OH)2. The extra Si02 after being allotted to hydrobiotite was used to construct kao linite, Al2Si2O5(OH)4, together with A12O3. The extra A12O3 after being allotted to hydrobiotite and kaolinite was used to construct gibbsite, Al(OH)3. The result is shown in Table 2 . Table 3 . Chemical composition of specimen A.
Specific gravity
The apparent specific gravity was measured, and the result is shown in Table 4 together with the specific gravity of the constituent minerals given by Deer et al. (1962) . This result indicates that the specimens have only small pore space in them, a fact which is con firmed by microscopic examination.
Weathered Biotite from Matsusaka, Central Japan to the reciprocal lattice points of kaolinite in the two orientations stated above, and the spots which do not fit the kaolinite lattice can be attributed to the reflections from gibbsite randomly oriented as described above (Fig. 12) .
Discussion
The alteration of biotite in the early stage of weathering is con sidered to proceed essentially through cation exchange reactions, that is, the replacement of interlayer potassium by other cations and by water, leaving the structure of the silicate layer intact. Jackson (1963) has described the way in which interlayer spaces of expanded 2:1 layer silicates in soil clays are aluminated.
Trioctahedral Al-vermic ulite in specimen B was probably formed by this mechanism together with partial exchange of the octahedral cations. This specimen has been elongated to about 1.5 times the height of the original biotite.
This value can be explained by the replacement of K+ by Al+++ and H2O.
On the other hand, if specimen A had been formed through cation exchange without accompanying removal or supply of oxygen, the height of the specimen would practically remain unchanged, because kaolinite and gibbsite have similar oxygen packing to the original biotite. Specimen A, however, is about three times as high as the original biotite in spite of the small pore space. In consequence, much material must have been introduced from the environment. The amounts of introduced materials were estimated on the assumption that specimen A had increased in volume three times of the original biotite, and that the chemical formula of the original biotite was K(Mg1.5Fe1 .5)(A1Si3)O10(OH)2. The result is shown in Fig. 13 , which
indicates that a large part, about 90%, of Al2O3 and H2O in specimen A and about 40% of SiO2 have been introduced. Hydrobiotite has a structure and chemical composition similar to biotite. And the conoscopic examination revealed that the hydro biotite has a well-defined orientation with respect to the original biotite. It is, therefore, reasonable to consider that the hydrobiotite has inherited the structure and material from the original biotite. The occurrence of gibbsite in the matrix of the gravel from which specimen A was collected (Fig. 3) suggests that a sufficient amount of aluminum was actually supplied to this horizon.
Disordered kaolinite is contained in specimen A, while halloysite and metahalloysite are contained in the matrix of the gravel from which specimen A was collected. This difference in the kinds of kaolin mineral may be attributed to the origin: the former is an alteration product of biotite, while the latter two may have been formed by precipitation from solution without firm nucleus.
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